This paper examine multi-product exporters in Belgium, considering their importance and the relationship between the margins of trade and firm productivity. We employ proxies for trade costs to quantify the extensive and intensive margin adjustments of trade. Relatively few exporting firms account for the majority of Belgian exports and these large firms have greater productivity and value-added, more employees and exported products. Across firms, productivity is positively associated with firm exports. More productive firms export more products to more countries and have higher average product-country export flows. The extensive and intensive margins are equally important in total firm exports.
Introduction
This paper contributes to the small but growing literature documenting the prevalence and importance of multi-product firms. The study of multi-product firms allows for a much more detailed decomposition of exports than was possible in earlier more aggregate research which examined variation in export levels across firms. The recent availability of transaction-based datasets, with exports at the firm-level broken down by product and by destination, allows researchers to consider both the intensive margin of trade, i.e. increases in exports by a firm of a product, as well as several extensive margins including the number of export destinations and the number of products per destination.
Until recently, stylized facts about the role of multi-product firms and the empirical support for new theories of multi-product exporters have mainly been tested on countries such as the US and France with relatively low export to GDP ratios, 11 and 26 percent respectively. 1 In this paper we study multi-product firms in the small open economy of Belgium, a country where exports are over 86 percent of GDP.
We use the empirical predictions of a recent theory model by Bernard, Redding and Schott (2010) to guide our research on the margins of trade. That model is a static general equilibrium framework and develops predictions on long-run relationships between the margins of trade, firm productivity and trade costs. 2 We consider both steady-state and short-run outcomes using a The data allow us to examine how changes in firm-level productivity over time are correlated with firms' extensive margins, the number of products exported and the number of destination markets served by each firm, as well as average firm-product-country exports. This within-firm adjustment can usefully be compared to existing studies where the relationship between productivity and changes in firms' extensive and intensive margins of trade were considered in a cross-section (Bernard, Redding and Schott, 2011; Mayer, Melitz, Ottaviano, 2010) .
We measure trade costs in two different ways, through distance and exchange rate movements.
1 Multi-product exporters are analyzed in the US by Bernard, Jensen and Schott (2009) and Bernard, Redding and Schott (2011) , in France by Mayer, Melitz and Ottaviano (2010) , in Brazil and Chile by Arkolakis and Muendler (2010) , in Mexico by Iacovone and Javorcik (2010) , and in India by Goldberg et al. (2010) . The export to GDP ratios of these countries are 11, 26, 15, 41, 27, and 20% respectively. 2 A dynamic version of the model is presented in the online technical appendix to that paper and is based on the closed-economy multi-product firm framework in Bernard, Redding and Schott (2010) .
The measures of trade costs differ in their degree of variation and level of detail. Distance varies by country but not over time, while exchange rates vary by country and year.
Our empirical findings on the full set of multi-product firms confirm the cross-sectional findings of earlier studies. Multi-product firms appear both prevalent and important in exports. Similar to what has been found in other countries, a few large firms, exporting many products, account for the majority of Belgian exports. Firm characteristics such as productivity, employment and capital intensity all correlate positively with the number of products a firm exports.
Following existing empirical work, we decompose export flows both at the country and firm level into extensive and intensive margins. For aggregate Belgian exports to a given country, the extensive margins correspond to the number of firms serving the destination market and the number of products exported to that market, while the intensive margin is associated with the average exports per firm-product. At the level of the firm, extensive margins are the number of destination countries for the firm's exports and the number of products exported, while the intensive margin is the average exports by the firm to a country in a product.
The cross-section results confirm that more productive firms have higher values of export shipments. These greater shipments come in part from the extensive margins of trade, more productive firms reach more countries with more products. The average exports per firm-product-country are also significantly positively related to firm productivity in the cross section and the intensive and extensive margins contribute roughly equally to the overall increase in firm exports. The findings are robust to alternative measures of firm-level productivity.
Using the panel aspect of the data we confirm the equal contributions of the intensive and extensive margins in response to increased firm productivity. Annual within-firm productivity increases are positively associated with the number of products exported and the number of destination markets served by the firm. Unsurprisingly the magnitudes of the correlations using annual productivity changes are smaller than those in the cross-section results. Results on within-firm productivity over a longer interval confirm the results and have magnitudes roughly in between the annual and cross-section estimates. When firms become more productive over time, they serve more markets and ship more products per destination while at the same time their average shipments become larger. Over a longer interval, firms adjust relatively more along the extensive margin as their productivity rises.
Cross-sectional gravity regressions using distance as a proxy for trade costs confirm prior work on US and French data. Total Belgian exports to a destination country decrease the further away is the destination market. The decomposition of country-level exports shows that distance strongly negatively affects the number of firms per destination and the number of products per destination while average firm exports per destination do not vary with distance. The invariance of average exports to falling distance is driven by greater exports in existing firm-products combined with the arrival of new, marginal firms and products with lower values of exports. Within firm-product groups, export value falls with distance.
For short-run changes in trade costs, we use the admittedly imperfect proxy of annual real bilateral exchange rate changes, while controlling for destination market size differences through GDP. As expected, an appreciation of the destination market's currency boosts Belgian exports.
Decomposing exports into the extensive and intensive margins, again we find that a destination market's currency appreciation results in a higher number of Belgian firms exporting a larger set of products and an increase in the shipment value for already-exported products. The adjustment of multi-product firms along the extensive margins is again roughly equal to the intensive margin changes.
The rest of the paper is organized as follows. In the next section we document the prevalence and importance of multi-product exporters in Belgium. We also examine how firm-characteristics vary with the number of exported products. Section 3 looks at productivity changes across and within firms and their relationship to the margins of trade. Section 4 studies how trade costs affect the decomposition of exports, both at the firm and country level. The final section concludes. classification. This is necessary to correctly assess the dynamics in terms of the number of products that firms export, to avoid misinterpreting a product classification change as an adjustment of firms' extensive product margin. More details on the concordance of the CN8 classification over time are provided in the data appendix.
In Table 1 we report some summary statistics on the cross-section sample for 2005. 5 The top panel refers to all exporting firms, while the middle and bottom panels refer to intra-EU and extra-EU exports respectively. We categorize firms according to the number of products they export.
In subsequent columns we include the number of firms, the value of exports, the average number of export destinations, average export values of the firm-product-country, firm-product and firmcountry for all firms exporting the reported number of products.
In 2005 we have a total of 25,248 exporting firms with a total value of exports of over e215 billion representing more than 900,000 firm-product-country transactions. 6 This sample includes firms operating in all sectors including both manufacturing and non-manufacturing firms. Despite the fact that the inclusion cutoff is higher for intra-EU exports, the large majority of Belgian exports, 73 percent, are intra-EU. This can be seen by relating the total export value for "internal"
EU trade in the middle panel of e157 billion to overall exports of e215 billion of the top panel. 7 Table 1 shows that multi-product exporters constitute the large majority of firms. Over 65 percent of all exporters are multi-product (MP) firms, they account for 98 percent of the total export value in 2005. For the US, the numbers are comparable as 58 percent of US exporters are multi-product and account for more than 99 percent of exports (see Bernard et al., 2007) .
Single-product exporters account for 34 percent of firms but represent only 2 percent of exports.
Relatively few firms export more than 20 products but these 12 percent of firms still account for 5 More information on sample selection and the product classification is provided in the Data Appendix. 6 The number of exporters in 2005 is very close to the average number of exporters for the period 1998-2005. 7 The finding that there are more firms exporting extra-EU is most likely driven by the higher reporting cutoff for intra-EU trade. Although NBB estimations suggest that the value of omitted trade due to the reporting cutoff is only 1.5 percent, the percentage of firms excluded is likely to be much higher.
Redding and Schott (2011) (henceforth BRS (2011)) for the US, Mayer and Ottaviano (2008) for
France and Goldberg et al (2010) for India and confirm the notion of "superstar" exporters where a small club of firms account for the large majority of exports. 8
The average number of export destinations per firm is 6.73, but this average hides substantial heterogeneity across firms. Firms that export just one product ship it to only 1.58 destination markets whereas firms exporting more than 50 products on average reach 23 different destinations as shown in the top panel of Table 1 . This finding is in line with recent theory papers on multiproduct exporters where higher firm productivity leads the firm to serve more destinations and export more products per destination. 9
The average exports per firm-product-country appears to vary non-monotonically as the number of export products increases. Single product exporters on average export e331,000 per destination while firms that export more than 50 products ship on average e140,000 per product to each market.
The absence of a positive correlation between the number of exported products and average firmproduct-country exports is in line with what has been reported for the US by BRS (2011). Exports per firm-product also do not vary systematically with the number of products. In contrast exports per country are increasing in the number of products exported; the rise in products per country offsets the lower shipments per product.
Despite the fact that the average firm-product-country export flow is not increasing with the number of exported products, multi-product exporters on average sell more than the average single product firm. Average firm-level exports (column 3 divided by column 1) are increasing in the number of products exported. The increased number of products and destinations more than offset the fall in average shipments.
Multi-Product Exporters and Firm-Characteristics
In this section we bring together firm-level export data with firm-level balance sheet data to study the link between the number of exported products and indicators of firm-level productivity and size. 10 In Table 2 we report the mean value of a set of firm characteristics (in logs) for total 8 Results are different for Mexico where most exports come from single product exporters (Iacovone and Javorcik, 2010) .
9 Models of multi-product exporters include Eckel and Neary (2010), BRS (2011), Arkolakis and Muendler(2010), Mayer, Melitz and Ottaviano (2010) and Feenstra and Ma (2009) . A common feature of these models is that higher firm productivity increases total firm exports and the number of products exported.
10 Selection on availability of firm-level characteristics such as employment, value-added, tangible fixed assets etc. imposes another restriction on the sample selection, i.e. only those firms with positive values for all firm characteristics can be included in the analysis. Compared to total reported exports, the sample of firms with available data on firm characteristics (positive value added and employment) accounts for a share of 54 percent of total export value between 1998 and 2005.
exporters. Firm characteristics include TFP 11 , value-added, the number of employees (full-time equivalent units) and capital intensity (defined as tangible fixed assets per employee).
The data confirm that firm productivity, value-added and employment are all higher for firms that export more products, while average capital intensity declines slightly as firms export more products. Firm-level employment, which is generally regarded as an indicator of firm size, reveals that firms exporting over 50 products are about eight times as large as firms exporting a single product. Value-added also rises as firms export more products. The mean value-added for firms exporting 50+ products is about ten times as large as that of single product firms.
Modelling Multi-Product Firms
The empirical analysis in this paper follows closely the theoretical and empirical work in BRS (2011). Their approach generalizes the standard single-product, heterogeneous-firm model of trade to allow firms to produce a set of horizontally differentiated products which are potentially exported to many countries. 12 Firms differ according to their underlying ability and products vary in their profitability across both firms and markets. Firms must pay a country-specific fixed cost to export regardless of the number of products sent to the country as well as a product-country fixed cost for each product in each market.
Increases in firm ability are associated with increased exports of existing products in existing markets, new products exported to exsting markets and new markets for the most profitable products. A reduction in variable trade costs is associated with increased exports of existing products in the market, new products from current exporters, and new firms exporting to the market. BRS (2011) examine the empirical implications of the model using cross-section US data and find confirmation of the major predictions of the model. We consider the model's predictions in the Belgian data in the cross-section and over time.
Firm Productivity and Exports
A common component to many models of multi-product firms and exporting is the relationship between underlying firm productivity and the margins of trade. Increases in actual firm productivity, as opposed to measured productivity, raise exports of existing products to existing markets, allow firms to enter new markets with existing products and make profitable the export of new, previously marginal products. Aggregate firm exports are expected to go up in response to higher firm productivity while the number of markets served and products exported also increase. Measures of 11 To obtain comparable levels of total factor productivity (TFP) across firms, we apply the Caves et al. (1982) methodology. Hence, TFP is calculated as an index, calculated by comparing each firm to a hypothetical firm, where the hypothetical firm is defined as the average over all firms in a two-digit NACE sector and year.
12 The model allows for products to be produced and exported but not sold in the domestic market. It does not envision exports of goods that the firm does not produce.
average firm exports to a particular destination or average exports per product-destination may or may not rise due to the confounding effects of increasing exports within product-country and the arrival of new, marginal products and countries.
In this section we examine the role of firm productivity in aggregate firm exports and consider the role of both country and product extensive margins as well as the intensive margin of average shipments per product-country. While previous empirical research examined the role of variation in productivity across firms (BRS (2011)), we are able to consider both the cross-sectional variation in firm productivity as well as within-firm changes over time.
Measurement of "true" firm productivity is problematic both for single-product firms that can choose between products with different production technologies or demand characteristics (Bernard, Redding and Schott, 2009 ) and for multi-product firms where inputs are measured at the firm-or plant-level rather than per product (De Loecker, 2007) . Several measures can be used to proxy for underlying firm productivity. Our preferred measures are value-added-based total factor productivity and value-added per worker (labor productivity). 13
Cross-sectional evidence
We follow the empirical strategy of BRS (2011) and relate the margins of firm trade to proxies for firm productivity. Total firm exports can be decomposed into the number of destination countries served by the firm, C f , the number of distinct products exported, P f , a measure of coverage or density which corresponds to the share of the firms exported products sent to the average destination, D f , and the average exports per product-country served,X f ,
where
and o cpf refers to the number of positive firm-level export transactions at the product-country level.
The measure of density considers how many country-product combinations are being actively served by the exporter. If the firm exports 10 unique products and exports to 10 destination markets then the total possible number of country-product combinations is 100. If, on average, the firm exports two products to each market, the density of export activity for the firm is 0.2. 14 In Table 3 we report separate cross-section regressions for 2005 of log firm exports and its four constituent components on measures of log TFP (top panel) and log value-added per worker 13 BRS (2011) additionally consider the responses of the extensive and intensive margins of trade to other proxies including the number of products exported, exports of the largest product and (for a subset of firms) exports of the 5th largest product. The authors show that these measures are positively correlated with underlying firm productivity in their multi-product firm model where an increase in firm productivity lowers the (constant) marginal cost of production of all products.
14 Bernard et al. (2009) introduce the idea of density in the context of bilateral US exports across countries.
(bottom panel) including fixed effects for the major industry of the firm.
where Y f refers to the four components of the decomposition given by (1), i.e. C f , P f , D f and X f . By construction the specification only examines the relationship of productivity and exports for current exporters.
Column 1 of Table 3 considers the response of log total firm exports to differences in measured productivity across firms. As expected both TFP and value-added per worker are positive and significant; a 10 percent increase in TFP is associated with a 0.7 percent increase in firm exports while a comparable increase in value-added per worker is associated with a 7.6 percent increase in firm exports.
Looking at the extensive margins (columns 2-4), we find that the number of destinations and products are increasing in firm productivity. The density measure falls with productivity as more productive firms export more products and reach more destinations but do not ship every product to every country. The number of products per country, P f D f , is higher for firms with higher measured productivity. Column 5 of Table 3 reports results where the dependent variable is the average value of firm-level shipments per product-country (in logs). Interestingly, this value is also strongly rising in productivity. Theoretical predictions for average shipments are ambiguous due the positive effect of increasing shipments for a given product to a given country combined with the negative effect of marginal countries and marginal products entering the export mix. In the final column we report the within country-product response to differences in firm productivity.
The coefficients for both log TFP and log value-added per worker are positive as expected, higher productivity at the firm is associated with greater shipments of a given product to a given country.
The coefficient in the value-added regression is less than the corresponding coefficient on average shipments per product-country which is somewhat surprising as the expectation is that added product-country combinations should have lower sales than existing exported pairs.
If we interpret the cross-firm regressions as a proxy for the steady-state, or long-run, distribution, we find that more than half the aggregate increase in firm exports associated with higher firm productivity comes from the intensive margin.
Changes in productivity over time
The results of the previous section provide strong evidence that in the cross-section higher firm productivity is associated with increased exports both because of the extensive margins of more destinations and more products per destination and because average shipments per product-destination are higher for more productive firms.
The panel nature of our data allows us to examine a more precise prediction of the multi-product models that within-firm increases in productivity should be associated with increases in total exports and with increases in both the number of destination markets served and the number of products exported. In the top panel of Table 4 , we report estimates from a panel regression of the form
where Y f t is a component of the decomposition of firm exports given by (1) and δ f and δ t are firm and year fixed effects respectively. This specification is run on firms that export in consecutive years ignoring potential problems related to selection into exporting and firm productivity.
The results confirm the expected positive and significant correlation of measured firm TFP with total firm exports, however the magnitude of the relationship in these annual changes is much smaller than that found in the cross-section regression reported above. Both the product and country extensive margins increase with firm productivity and contribute to the overall increases in exports. Within-firm increases in TFP are correlated with increases in the average value of exports at the firm level and the role of the intensive margin is comparable in magnitude to that of the extensive margin. Again in the final column, within country-product pairs we find the expected positive and significant coefficient.
The second panel of Table 4 reports results of a specification in long differences, [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] for the same set of dependent variables. This regression is limited to firms that exported in both 1998 and 2005. Here, we find a stronger relationship between productivity growth and increases in export value. Again both the extensive and intensive margins contribute equally, although unlike the annual changes, stronger effects on both the number of countries and the number of products are offset by a decline in the density of product-country coverage by the firm. The within country-product export growth is strongly positively correlated to changes in productivity.
Trade Costs and Exports
The basic theoretical frameworks for multi-product exporters consider the effects of symmetric reductions in ad valorem trade costs across countries and products. 15 Unfortunately during the period of availability for detailed trade transaction data, there are relatively few episodes of lib-
eralization. BRS (2011) and Baldwin and Gu (2009) consider the effects of the 1987 Canada-US
Free Trade Agreement. They examine domestic production data for multi-product firms and find confirmation of the major prediction of the multi-product models that firms facing larger tariff reductions implement larger cuts in the range of total products and increase the skewness of their output mix.
15 Eckel and Neary (2010) consider globalization through the addition of new countries increasing potential markets for oligopolistic multi-product exporting firms.
We approach the question of how firms respond to reductions in trade costs in two ways. First, following BRS (2011), we look at the response of total exports and the margins of trade to distance in a simple cross-country gravity regression. Next we consider annual changes in the real bilateral exchange rate as a proxy for trade cost changes for Belgian exporters over shorter time horizons.
Distance and the margins of trade
We start with a simple gravity equation specification to examine the relationship between distance to Belgium and the variation of the extensive and intensive margins of trade. The gravity equation approximates the long-run equilibrium relationship of exports to distance and GDP. The coefficient on distance in gravity equation gives us a proxy for the responses of the margins of trade to trade cost changes. Following BRS (2011) we decompose total bilateral exports to a country c (X c ) into components including the number of Belgium firms exporting to the country, F c , the number of distinct CN8 products exported to the country, P c , the density of trade defined as the fraction of firm-product combinations with positive exports, D c , and the average value of exports per firmproduct going to the country conditional on positive exports,X c ,
and o pf c is the number of active firm-products in country c. We regress total exports to trade partners, as well as each component of total exports, on the great-circle distance of trade partners from Belgium, obtained from the CEPII database (CEPII, 2010) . To control for market size, we also include the log of nominal GDP of the destination market, obtained from the World Development Indicators database of the World Bank (2010),
where Y c is a component of Belgian exports given in equation 4. Table 5 confirms the long-established result that aggregate bilateral exports are strongly decreasing in distance and increasing in destination market GDP; coefficients on both distance and destination GDP are near one in absolute value.
The next three columns of the table report the effects of distance and GDP on the extensive margins of trade. As found by BRS (2011), both the number of firms and the number of products increase as trade costs fall across countries while the density of trade is increasing with distance. 16
16 Density is expected to be lower for markets that are served by more firms and that receive more products. As the number of products exported rises, each firm will be exporting a smaller share of the range of the products since firms are active in a limited subset of products and industries.
The combined effect of the extensive margins, seen by adding the coefficients on distance across columns 2-4, almost completely explains the cross-country variation in export value. In the long run, lower trade costs translate into higher exports through an increase in the number of firms serving the destination and an increase in products per firm.
Column 5 reports the effect of distance on the average value of exports per firm-product to the country. In a world where firms export a single product to multiple countries this coefficient would be expected to be negative and significant, i.e. exports of any given product should increase if trade costs are lower. In a world with multi-product exporters, however, the relationship between distance and average shipments per firm-product is ambiguous both because new marginal exporters are able to enter less costly markets and because existing exporters are able to ship lower profit products to closer markets. Our results confirm those of BRS (2011) in that we find a small, insignificant positive coefficient for distance on average exports.
However, in column 6 we report the results of a gravity-style regression where the dependent variable is the log of firm-product-country exports and we control for firm-product fixed effects. Now distance again plays the expected role; for any given product exported by a firm, the value of exports is decreasing in trade costs as measured by distance to the destination country.
Exchange rates and the margins of trade
Exchange rates play a complicated role in firm decision-making that links market structure, firm market power and other issues. An extensive literature considers pricing-to-market by firms as well as aggregate implications for the price level and the role of sunk costs in mitigating short-run responses to exchange rate movements (see Goldberg and Knetter, 1997; and Gopinath and Itskhoki, 2010) . Here, we abstract from these issues and consider a simple specification relating bilateral exchange rate changes with firm-level responses of Belgian exporters, including both extensive and intensive margin adjustments.
The base specification is
where ∆ ln Y ct represents the annual log change in the components of the decomposition of total exports to country c in year; ∆ lnRER ct is the change in the log of the real bilateral exchange rate of the Belgian currency (franc, then euro) expressed in units of foreign currency per unit of Belgian currency; ∆ lnGDP ct is the change in the log of the real GDP of the foreign country expressed in constant Local Currency Units (LCU). The real exchange rate (RER ct ) is constructed using data on exchange rates and domestic and foreign price evolutions from the International Financial Statistics database (IMF, 2010) . Specifically, the real exchange rate is defined as:
where ER ct is the nominal Belgian exchange rate expressed in units of foreign currency per unit of Belgian currency and CP I be,t (CP I ct ) refers to the domestic (foreign) consumer price index. GDP data are taken from the World Development Indicators Database (World Bank, 2010) .
For this specification we only include countries outside the EU for several reasons: the adoption of the euro by many EU countries complicates exchange rate analysis during the sample period; the extent of real exchange rate variation inside the Eurozone is limited to variations in the price levels;
and the cutoff for reported exports to EU countries is different than that for exports to extra-EU destinations. 17 Table 6 reports results from estimating equation 6 for the different components of the decomposition shown in equation 4. 18 Results reported in Table 6 suggest that a 1 percent depreciation of the euro is associated with a 0.35 percent increase in Belgian exports. Summarizing results, the increase in exports is driven both by changes along the extensive margins in response to depreciation, i.e. increases in the number of firms and the number of products, as well as by an increase in the average exports per firm-product. As with changes in firm productivity the responses are roughly evenly split in magnitude between the intensive and extensive margins. As expected the within firm-product response is strongly increasing as the Belgian currency depreciates. The lower magnitude of the average response across products and countries is driven by the entry of the firm into new, marginally profitable country-product markets.
Conclusion
This paper documents the importance of multi-product firms for a small open economy using the universe of Belgian firm-level data with information on products and destination markets. We examine the role of multi-product firms in light of recent theoretical models. In addition we use the unique panel features of the Belgian data to examine the adjustments of the margins of trade in both the short-and long-run both for aggregate Belgian exports and firm-level exports.
Multi-product firms in Belgium constitute 65% of all exporting firms and account for 98% of exports. Relatively few exporting firms account for the majority of Belgian exports and these large exporting firms have greater productivity, number of employees, value-added and numbers of exported products.
Across firms, productivity is positively and significantly associated with the value of firm exports. More productive firms export more products to more countries and also have higher average Information on sample selection: see Data Appendix. A product is defined as an 8-digit Combined Nomenclature (CN) product. All values are expressed in euros. TFP is calculated using the index number methodology (Caves et al., 1982) . Employment is expressed in full-time equivalent units. Capital intensity is defined as tangible fixed assets per employee. Values reported are firm-level sample means, taken over all firms exporting the listed number of products. All results are obtained by running regressions at the firm-level or at the firm-product-country level (final column), using data on total exports between 1998 and 2005 (cfr. Data Appendix for sample selection). The dependent variable used is reported at the top of each column. Reported values are coefficients [robust standard errors]. The top panel reports results of a fixed effects regression (within-firm results). In the bottom panel both the dependent and independent variables are defined as long differences, i.e. the difference between 2005 and 1998. Significance levels: *** < 0.01; ** < 0.05; * < 0.1. . The dependent and independent variables are defined as annual differences. Significance levels: *** < 0.01; ** < 0.05; * < 0.1.
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